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(57) Abstract 

An endoscope (2) includes a head (6), the front end of which encloses a variable-sensitivity CCD (9) capable of changing its 
sensitivity responsive to a plurality of pulsated drive signals. The endoscope (2) is connected detachably with a processor (3) so that a ROM 
(48) storing information such as the type of the endoscope can supply such information to control means (21) in the processor (3). The 
control means (21) determines the sensitivity of the CCD (9) by sensitivity control means (12) depending on the connected endoscope (2), 
thus allowing appropriately bright images to be observed independently of the type of endoscope (2) in use. 
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)tilI6 3(iil <D®jlI&5«^« 2 2 {3 j3V^T^ JffilJJi3te 
KS^J::^^ £ hi R GB@fe7^1/^2 9 ^I^Sbts ^>7*2 7 

2 3§Mti^U>X2 8TKI#£ftT^>r b # ^ K 1 5 

^E — * 3 OS^RGBIUS?^ ;P^$iJ0^^ 2 5 & t£l*T&^o 

o$ ^ c cd 9 a> e» mfrthz tn±mijm^<D&mm^mm&ft?ji -5 

fifes BUHBC CDil.^S 1 IStfCC Dfl&jgftJflP^g! 1 2 , itM 

Jt^m i 4 «u ^jis?^© 2 i izmmzti, z ©suai^e 2 1 iz& otu 

0 #fr ft to ft 3 «fc O iZ 3& o T 5 o 

2 1 fciu afeCJKW^SrtffifS 6 2fc«*&"rs#Sig« 
6 3lc^(t?>ftfc^t) 2 3 t) ftJAP^IB 2 4 * "T 3 ©J0^© 2 
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6 tC *>W.Wi£ tlX 

M-*ffctCDS[n]SS3 1, LP F 3 2 , ^ 7 >7@8S 3 3 ^ifi bt A/ 
D 3 4 izj: ^^^^^Ig-^f-^^^ ttSo d ©7=^ 

£ CO 7 # b * y 7*^ 3 5 a^^fem^«-^iix 2 & HI Eg ft <D» m. 
mm^ftffi HISS 6 8titi^Yfcfeiif R-Y, B - Y IzftMgti, 
h U -y^X[e]SS6 9 T R G BfH^C^gl^ tiv * "7 h ^' ^ > 
*»jEHltt 3 6 , 6lli!sllS37, # > T ffi IE HI BS 3 8 T" ^ ft ^ ft * 

u j b *7 > xffiiE, &mmm, #> vhe^^ ftfc&x te*n]8§3 9 

I3<tffl©#±Si^^ ^ U 4 5 a , 4 5b, 4 5 c CAAt 5 ilfttt U 
* * 4 6CAiJt^. 6^^fibfe«tfP^^H1^4 0 ©&*> 

&s i&® £ LX'&&<D 7 5 Q h* 5? >f M 4 7£^LT^-* 5 ft 

^©A^^^fc&t^itilM^'J 4 5 a , 4 5 b, 
4 5 cCiii^tfii^tit^^c iiEt^t'J 4 5 a, 45b, 45 

c ©u^#£&^ tmumfrtu ntftm^m 2 1 Tftj0P£ftT:fe & 
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jft©Bffe£gB«-ra«fc'5C#lt!iffe* ; Ey 4 5 a, 45b, 45c£ftJ 

fgl2l:^bt^ c C D©iS&&£i4*±fcf * «fc -5 C©Jfll-r4o 
J«Jftaftj£fltfcfcs v ^ J: 4«#l$RS©«6'J>£ttIE-r £ «fc 5 

£§£££ft. 1 / 1 2 0 #<Z>«^> * y 9 iM^#tT:b ft 1/ 
6 0#©al^m^^F©2^<D^]S(3CCD 9 ft 3 o 

(HJffi^J 4 ©£B08) 

*^?f^JT-{is NTSCS^ (60Hz) i:PALJS (50Hz) © 

pd # a © ^ - * \z&m^mi&nm^nnwi%iw.*^ ttv^o 

NTSCJStfllR^fe^^tli> CCD90«il/-b^6 

*ff & 5 «fc -5 > HflfS2 1llC C DiESj^m 1 i , rvm^ff&m^n. 
6 6, hitfflI*S6 74$J|JPt5c 

PAL^sStfaJRSftfcS^fct. CCD9 ©afcU- b * 5 0 H z T* 
fr&VK PAL3?a©fl/t^3 > M ^ C 5 fs^fM * ff & 3 £ 

2 1 1± c c Dmm^m 1 1 , r^m^mm^m 6 6, 
hmm&m^m 6 7 ssjits, - ©b#, mai^s 2 1 i±a«i/- h © 

t»&«f*.fc:jfaDTCCD9 CD&ftft^e *>P«fc:«I!>#2.> 60Hzl 
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mmmm^m 1 2 rnmr %><> 

*s^35:^^-^l3^^T*). S^Stl? ©ffi»ttfl8CJS& Ctiftiti 
1 ' tt rtS16 2 fc. 3te«35*6 3' MSWee 4' 

%iW 6 4 fcHS^T* 1 4rt©7-l^M^$aS^IS6 6£-gB 

$as^iS6 6' oD^fdcfciii 2 la tssf o 

^ LT. d ^4&i& ? J )V#\b\&7 0 fc: «fc t> CCD 9 ©m^O- 

liffi^GD^Jglg-f Y © ¥ & J? tti In v ©Hftsp^ffi 2 1 

mm^&.2 1 fcJ^ c©»m¥*&fifc:*^&J«ttfc«i8*«*©®3E 
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1 2 ^IJUPTS o 

(Hitefli 6 ) 

•fg i 3 m^^mmcDmrnm e ©1*1 ft ^ i m t ^ 

**«0««Tfttrt»il2rtOROM4 8t:li, CCD9 ® Bi@ ® 

VAT. ^CROM4 8(D^-^ftiait-rSHBm^lS7 5 i: . CCD9 
©*flEfta*t:»S-r*^>f ^7 6H, ^^ft***-****- 

*LT. rtai2trD^*7 3t3^ilUfc^ 

J a-e,ROM48©i*«* l ^o-fev-fr 73 rt»©«3«* R7 5 ^^?>ns 

IBm^tl^o «*.»7D**tf7 3©/t**±fc»0-*ix. CCD 9© 
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^HMtfUT' li> </> C M D rWI/*©/t;i/*»T*8l£:&ft«J0P Lti3 9 . §1 
^i^fg 7 8 -C {iBulBiait^lg 7 5 {3 IBtt £ ftT ^ & © <D <D m 
i£(D^^ V *<Dmt 4 CMD (D^frX&tZ&^^X ffijEr-* & mM£ 
ft -5 o 

— #\±1 / (kX)^ nt^fc?tl-5o 

1 7 ' £*ftE!c fulfil? 31 7 9TCCD9 £ fifc^m £ ft fc fcB:fcM^ Jg 
^££ftTM^ !V IE#fT&frft, ^®ft©(Bfl©Iell&t:36 t>ftSo & 

18 1 7 iz *5 V> T > 7* FAr^SSa^y'f rM5>**iIE[Iltt3 6 

#® 8 ocrsttt^y u * 8 i tmffiznE. t * f d 

A8 2 & 3 o ->'J7;H'^X^8 0 £ F D A 8 2 CD F^ £ {± ^ ^ — 

ftJflP^ JB* 2 1 fcfc* >f V 7 6 ?> ©K^^C^O^Tx ^Jg*±(f T 

^ta^mmmmmt. m^i^mmtxmtn^um^no. 

(±2 1 6m (A) C^tioCOBii8 40CCDffi*if (CDS 

mtjm^) tiz o Bmmx ? ? >r^ntao iz ? ? >ym 
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i 6^ (B) izfjk-rxoizoBmms 4©*f«a#*fs**u ob^ 

±aBT?t±#AeP 6 ©fcWIfc: C C D 9 £K« (P«3») bfcm^ft 

ff ^ <fc-5£bTfc&t^o # 3* 5£P«3 K*« 

(H5fc0>J7) 

*i«t«ri/i^ffli?s*^t^o * *eu ^2 omit, m^mm 
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^0, 12 lHIKCDIiO^'f ^>^f + -k ff§2 2E)fcfcCCD 

(Dmmmmt s/n ® tut?? ? . m2 3m&c cDommmm 
mi 7 mizTjkt ±o iz s mmm i <D\^mmmm i o 1 mtem&m 
m i o 2 &wf&&&izmm£ ti, m^i&mmw i o 4&t>*@jn#ift?@*^ 

11 2 2§rtlLfc7Dt^itl 0 3^ £ CD n -te y 1 0 3 lz&m 

10 5 tfr t> 3=lzmi&£ tiZ o 

Sul2l*im^ 1 0 2 8: N #iert£#A£*l6$ffl:K©JiPAgB 1 0 
dCD^ASPl 0 6©3c3&ISBl 0 7 fctt. « £ «g ft f 3 nm >X 1 

-^•fe >1K x. iit^fS^i? (CCD t B&S3) 1 0 9 #»W\£> tl, 
dCDCCD 1 0 9ti(i"^^^^UTrn-b-/+)-l 0 SftOfg-^S^g 

i o 4iciit?.nfecc Dig 1 1 isi?cc d fgt&fM^ig 1 1 
2ic^ii^n. z. <d c c Dsst&^is i i i &t>* c c Dmm®\m^$§L 1 1 

fc«fc^ 0 CCDl 0 9®iSi:lt & £^£<Z>$t:K^^©#.£ig^£ -fr 
S7^j^l 1 0#iEM£nT^£o 7 -f 1 1 0 i±. #J 

misted) r zfrytmmmm&zti it 

d©CCD109iix U. S. Pat. No. 5, 337, 340 " 
Charge Multiplying Detector (CMD) 
suitable for small pixel CCD ima 
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ge sensors" lzfji£ tlX C CDTfeSo ^©$Smtt> Si 

Tx CMD : Charge Multiplying Detector) tfj&tf&J'K iE^iffS^^I (C 
MD) (3i^;i/^r — =¥^^^©^1- 5 {g@Jg©:n*;i/3r — ) £ 

<*n. m^mm (2&*«) c«tD«?-jE^^74«4«$ft5o 

tK &33£J^ (ifili) "3 fc^^* £ Jli & EP flD 1" & fcx ffi^*g83lil 

CCD109I±, /W77113, CCD^-y;i/120 (M^fi) 
^il-LtT'ot^l 0 3 ?3 fcift £ ftfcM-^flLS^© 1 1 4 tz:SEft$ 
tlx HuHB^f^O 1/>X1 0 8SU=7^I/^ 1 10^1CCD109 ©It 
fl^CfcfcSftfcifc^ttSfc**, CCD 1 0 9l:iotiMiti:^i$ 

2 lili, iit§@fe7^i^ 1 2 9 © g ft IS />£ 1$ (C 
;i/^0CMD. ifigl^^^Ci I AG^ *¥fijS6^/l/^^SRStfC 

cDitii]if©ii^^t. ccd i o 90CMDH, mmm%tz\*m 

t3^g-rs «t a 13 bT ^ * o S fex CCD109©ig ( CMDiffS*) 
Z. Cfli/^^^t^ > h P — ;i/ LTpJfM©^^ (CMDii 

turn en tn&m.mm'mx ^cMD*ccDio9tm*i, ccdi 

0 9 omm. ( CMDflifg^) < L£ric3ftfc«?S&*Ste£-e:x * 

(OfttlSiSIESI^^^^ IAG, tK¥^M^;V^^SR^CCD 1 0 9 
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tctfi^Ls ccd i o 9 &t>(Dititim^*m5o i&Aum^j^ 

X <t> C MD (DS*J\, xm&g.'lbZ 1£T . FtfMCDCCD 1 0 9 (Dm& (CM 

tt? * vx-i k 1 1 5&mv e> *u ^ © ^ b # ^ n 1 5(D9ctt&mm 
tmrnmis > x 1 1 6 # ta w- & ^ h # >r k 1 1 5 c «t t> 1*3 1 

0 2 *fciim#s^tt###sgffl©jiai!ii#*p\ jfiiisi/ >x 1 

1 6 fcrt-uTft^ttcflaassftSo 7>f h*^ ki 1 stint s l 

m-^ ms^m 1 1 4 {is ccdi 0 9 Ti^^m^tLfcm^M-^o^s-sM 
^mmzfto yum^mm^m 1 1 7 :®7n^j!!ii?g 1 1 7 

(Dmmikmmih^mi 1 sotii^if ^^-^ 1 0 s&ifdtbTj-r&fc 
&(o&Mm^mm*n *> M^swfgi 1 9 tfr^ffimztiTis 
t> . buibccd 1 0 9i^^m^m^ntimtim^i^:^\y^^3>m-^iz 

ccDii^si 1 i ruc cd mm$m^m 112, ft ^i^g 

1 1 4 {is (Sg 1 ©) $J#P^I£ 1 2 1 izmmzti, 2 1 

iz&^Tfflm&ftt>tiz> 0 c (oun^®. 1 2 1 tis ®jii&©B3Bj§)te£rt 

«g| 1 0 2 £#ft-T £1SJI&3fe®&B 1 2 2£19:l:J-S>n£S&D 1 2 3s 
& D ftHW^S 1 2 4SU t RGBIDfe7^ ;i/*«SI»^IB! 1 2 5 ^mm? £ 
(B 2 ©) ftJ®J^g! 1 2 6 ft: k&ffi£tl. C©RGBlHlS7>f )V *? %\m 

?gi25t ibi^ lts huibc c De»^g; i i i Rz?m^mm^& 1 

1 4 £ fBHW f S «fc 5 ft: & -3 T ^ <& o 

®ii^^^^S 12 2 iis ABE 
^4t57>71 2 7iis CCDiaW3te©***i«ffi7>f hiJJ K 1 1 5 
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2 8h©F^t:«A^ni.RGBli]fe7^^ 1 2 9 tifiWHl h tit V^ 5 • 

^ K7>7, LED, iSJEzkiBft & - So 

ZL6DHI^7^;i/^ 1 2 9 f± , ^ — * 1 3 0 © HI ^ $fi £ Ih] 3£ of b6 t ^ 
£ tlx 126 tit), R G B IhUE? -f ;i/*»HW^g! 1 2 5 

\*}m&ft£ftmffifrtfc2m.(D7>()i*'ty v 1 3 3, 1 3 4&mvx 

&2> 0 rt«©il 7-f;^t >y h 1 3 SliaffJtt-K (If)i£i^) 
©fc#)©R 1 , Gl, B 1 © 3*fc©:7 >f ;i/^T*m^^tl. ftffl&fr&m 
2<D7 4 v h 1 3 4l±ftmft : £— K (ft J* ft 8*) ©*:«>©R 2 , 

G2, B2©3#t©7-r;i'* tu Il7a^f H33> 

ffl©* ( r 1 k « (Gi), « (bi) (D&®.mmm*m 

»tS7-f;^133a, 133b, 13 3c*5itt(^ ^^IrICJ&o 

-cMftftcijais tlx £ t^o^jsifflafctt^ac^^ - h (ft^KWim) 

ffl©R 2 , G2, B 20§SSi^C)t*S®t2. 7^^134a> 
134b, 1 3 4 c#<t«$J£IB81£tlT^*o 

±f2iim7t^- K (a^ftiEffO ffl©* (R .1 K <* (Gl), n (B 
l)0#*g««*81t5 7^^13 3as 133b, 133c© 

m&s mfttthftir^Zo ^©i&ftsim, ccDio9©i^p^(i 

frm\smm) £*fli&U, ±%&? ^^133a. 13 3b, 133ch 
a&ftfiBfcU KH:|!agg©IISIBTlB*l£tiT^*o I27^^tf h 1 
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3 4 bmmtmi&ztiT^Zo 

a ( R 2 )> 134c (B2) & #HS£0iJ T* £ ti, MM £ *i& V> 0 

7>71 2 h # K 1 1 5©«*BiB*:*tg.S5jffilil3#ttl±fc: 

& . nmftw? * jvtnz v h i 3 3 h9\-mm<Dy -< )\, & -t y v i 3 4 ^ 
&mm&)izm%.T- % z> J: -5 keue? 4 jv^^sm^mm 1 3 i^kw-t* 
5, f ji^^^e — h'ol^iis 7>ri 2 7ip?,0)tt-AP 1 

(fg 1 80tzHi^T-^-r) t±. f*imm<D7 4 J\s* -tz v h l 3 3 iz*f|qj L 

P2 (fg2 2Ej&m^-£^-r)fci^ ^/i{il©7'f;U^-b^hl34^^r 
(Sl-rSJ:^tcll]^7^ ;b*$Slli 1 3 lt-[Dfe7^i/^ 1 2 9 ±i£*&m 

^ 3 0 donife^^ gj&ttis 1 3 1 t-M3o j&zpmm, ? 4 

1 2 9i:^7>7-l 2 7(:^fLffiMWl:f l^t^tf, 7>71 2 

z wmmmmmtuu? 4 ^zwmmm 131 &t>*frj^^is 1 2 6 tcm 

# 0^7-f;i/^12 9O«3#}&sfft)tv§i:|qI^tC, ^f^Tt^E — K 

ISttffl! 1 2 4*jr\sXWL*) 1 2 3£gi&lftl;::£^£&£J;-5 

mi 2 1 frzm^mm^m 114, ccDiifgi 1 lsvccDi 
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i i 2 *»jfflj-r *o 
m^mm^m i i 4ttjjtaii 9 Eiici^-r & s ti^^tit^^o 

m 1 9Ht*^Tri/if«Ll^S 1 1 7 Izfi, CCDlO9*^0ttS 
^A^^tlS^at^otV^o :©7'Hfii?gl 1 7 T« 
& , CCD10 9©ai*l§i^ l i7>7'14 0, CDS08S14 1, 
L P F 1 4 3 , ^7>7"[ili^ 1 4 4, A G C ESS ( 3" — h f -( > =i > h 
D— ;V) 14 5£ijgfibT, A/D 1 4 6 «t D ^ i> * ;HB J3 

g£ i& £ ft £ o C © ^ v ^ ; Wt f± . 7* h*77 1 4 7 atiUitf HI 

2&®SSt;:T-i'Vl' — ^>3>^ti"ei£3Bl^n?)o 2 & IS g& fci & , 
* ? hn^>*MIE[§]S§l 4 8, HI S§ M [3 fi& 1 4 9, # > v M IE HI 
IS 1 5 0 #s£ttT & D , ^y-Y h >Xl#IE, fiSiii^, #>-^*iIE 

&;*;0g§i 5 1 © m # m » * m$$&mm$& i 5 2 lt®jh&isi 

B#4b ^ l£ 1 1 8 (C A ;b £ ft & <fc 5 £ & ^ T O £ o £ fc, CDS0K1 4 

1 Dt^gi 4 2 tfmwizti^ ccd 1 0 9 mtim^<D imm 

£ « 2 £ , fflW^mi 2 His 2&[I]S&P , 3©* I 7^b^5>>X«IE[I] 
K1486, 8181^018 1 4 9, 5 1, lw ?B 3& H 0 JSI 15 2 

gi:LT7th*/7l47b L J&#IHB&rt© * ^ > ^HISS 14 4 

ri/M-^Ma^lS 1 1 7*p£>m;b£ft£RGB®Jlg&{I^l±x W>2 0 
EK^T SM&M^ IHJBS'fb^lg 1 1 8^©^0f >yf 1 6 0, 162 
As 162B£HTs |E3]B*Hb3MS!l63a, 163b, 16 3cfcAA 
i^tlS.tot'&oTV^o iBl^Yb^lS 163a, 163b, 16 3 c fct. 
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HBSfc^S 163a. 1 63b, 163c (D-M£ LT. #Jx.fcf ^ 2 
O0JC7fx-f#|5jlf3Mb^J£16 3I (I = a, b , c ) >Ptz< h*>2 
m~mft(Dm&.* ^ U l 6 4 a. 1 6 4 b£il;ifc^l&T-1ltE£-r£Cii:# 
T'££o |SJ^Yb^@16 3a(is [slS7^;i/^ 1 2 9 1 3 3 a S feli 
1 3 4 aTH CMJiS Lt^5„ PffHb^g! 1 6 

3blt @g7-f;^ 1 2 9 CD 1 3 3bjf;lil 3 3a. l§J B$ <b ^ © 1 
6 3c{£[U3£:7^;i/* 1 2 9 © 1 3 3 c S t li 1 3 4 c £ *t ]fo L T ^ 

d £ T* fci . Sj^^^EU 1 6 4a. 1 6 4 b©iSf##ii^£:iimii#. 
mL#^Sl3t0^x.e)tLT|SJ^<bA s fft>tl^oBf|l3|5l^F'fb^@l 6 3a. 
1 6 3b. 1 6 3 c t)|5lBtYb^tLfelRl^'fbm^M-^«. ** X hfs-f 

i i 9 n<Difr]tm&t^m(D&±m&* ^ u 1 6 5 a. 1 6 5 

b. 1 6 5 c tA*t§ h^CtU^^ 1 6 6 CA^t^o tl/H 1 
6 6 U feEHS-fb^S 1 6 3 a. 163b. 1 6 3 c © |SJ mit ttJ 73 

{i. ®iBi:LT^gc?)7 5 Q K ^ >f 1 6 7£;frLT^-* 1 0 5 £ {ft 
*&£*l,£o 1/ * * 1 6 6©fc?-7j©A;bi$i^£&. Hit®* ^ U 1 
65a. 165b. 1 6 5 c &mffi. £ tlX ^ 5 o 

Itii^f'J 165 a, 16 5 b. 1 6 5 c ©if 1 1 ji^ i: i t 
m^mbii. ftJfll^lSl 2 1 -?:fM£ ti~C is t) , ^gBfr£©:7 »J -Xifr 

^tcj&s DT^iias^is 121 tts 7 u — x^^©feo tzn&<om& &§3H 

tS^t^iii^t'J 165a, 16 5b, 1 6 5 c £ fflffl T S i: 
£:4>tC.-fel/**16 6Jc*fUTfci:. lRlB#<b^@163a, 163b. 
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1 6 3 c m^T-fe Sftli^ tm±m&* ^ U l 6 5 a> 165b. 1 

6 5 c <Dliitim^T:&Z>1i$itM1&m^(Do &±W&m 

7 5Q H^-f M 1 eT^^LT^E-^l 05 icgt^-ra J: o l3$fJ^-TS 

a%«k i o 2 izi±, ^ a bfeROMno 

^T'^Otf i#7Dt 7tl 03 (*jg&<D(s^£fl.3I^g 1 0 4 l*KD$lJ^^ 

mi 2 i izBmz ti. c c d i o 9 (Dmmmm (cmd m 

^ff^^t^otl^o olD, ROMHOIt C CD 1 0 9 ©1 

(f£JB) 

5te?\ li^^-F (ifil&ftS*) £froii£r£&, ■< )V * 1 

2 9iill7^^t^ h 1 3 3 # JIB H8 ft ft ± fc E* £ *u CCD 1 0 
9©CMDi^fg^{i@^ffi{3lS^^n5o CCD 1 0 9©CMDiif£^ 

3t:liKfCROM7 0^?,feji^tlS.o 

C C DJgSjgiM^g: 1 1 2li, ffl'ffl^m 1 2 U^ltROM7 0 
t>fcm$tltz C C D 1 0 9 © CMDil^* (@^^) It^fe 
t-KiCDCMDl^* (3*f/i&-r ZrtfrX$tt&flrM CC 

D 1 0 9 (Dm%/^% (I^tHLlSP^ CPlllltCCD 1 0 9 id It If 

m<d cMDrnfemz^mx-Ati ®m^& 1 2 u^itccd ^jg 

f&JH^ © 1 1 2A>e>CCD 1 0 9©CMDtifg^#tS:5£T§£o;i*Ui. 
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^ >y 1 2 7 £ 181} £ ft ^ W ft #fg 1 7 ^ ^ * * ^ h 1 3 3%m 

«Et:iiifeJSi***i% ^©stJft £ c c d i o 9 -cmmWii£ b r ^ g n 
B&mmm^ m^m^) liifiifg i HCAA^n, i 
o 5 izmn^mmmmnfim^^ tis. 

$Jft^ g 1 4 2 fcfcx 1 B®#© C C D i o 9 & t> (Diatim^cD^mm 

£nm b^ mm^m i 2 nzmti-t &o titzmiz. mm^mi 2 

U^lTi2 ©f&|»#© 1 2 6 fc: ffl* b* fitiSttfi!!) #J^lc*g^ 
^fflLti^D 1 2 3©^iB$iJ||I^fTdo o £ D . *¥tt#iS!5£;* ftfc2£ 
m^<fc t)*)B^S-r#-5^-&{isCCD 1 0 9lHAi§liX§<ft5fcfts 
JS& £ 1 2 3*HC5SlflI ( ^ b # ^ K ft *8 IB © flfi S* ^ JS ** 'J* £ < & 
3 ) fcf&fls;* -^s «^tt#li&^»^i± CCD 1 0 9m*||§l4/J* 

3 3R D 1 2 3£^tts;fr|pj (^>r b K&«!Bi^©jfBf* 

0 4 ftCDSM^g; 1 2 lC^r-^-h^CDA^fg ( 3g ^ « *g 5£ ) 

AGCHI8S1 4 5fl±, C CD 1 0 9 ©Hi ft fc ^ n> 1 

0 5®i!fl4*l:«:5J:^t:Sftfl«Jfc«fi$-&5ii:ii s 'CS4o o £ !K 

^^^*sBg< aaai^iiiisf^i&^^T^ift^^ftfc^^^ 1 o 5001 
s> &m btite^mtiiz c c d 1 0 9^e>cDm*fi-^^mms^(3iiiii^ 

t5Ii:^tl5 (AGC«ii). 

RSE £f# £>.ft3£IJ*fc©§fi«fci:* SB2 2EU ^2 3ITIiiias 1 [lu 
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x] £ t>*s&«#fcg*^-*-a#> m22m. m2 3m& *) ccd i o 
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0 9©CMDit{g&b£ttbTl£a±£fri£-£##A>£° 

G C«tfefc: J: !K t = * 1 0 5 ±£fc**C^-'F--a s R5ebfc3i«J&ll8 
£ £ <£>HM^#f# ^ ft* o b*»*. C ©*§-£& s CMD109CCM 

Dig{g^£*#<-ra - s/N*isi±"ra« d©£3f3MS#; 

^&1>^^CA G Celtic £»5fl^£;h,£o 

#3*^-1* (#3*3feK«?) *tr-5®^fc:«±x ^--If-tt^- 
H tD # 1 3 5 £ Ulfift T S 0* 2. « ^ — K «J # * -f yf-**fftSii: 

tz j: d , frzwmmm 1 3 1 %»f^^-&TieiiE7 << n>* 12 9 

2 9 ia^pgj: & 3 £ ? cftftut? >r h 3tr-Y n 1 5t^u:i^^^ 

S&&#;#A!* CCD 1 0 9 ©li^fci^ ftJfc^^E — K CfctJfo b£ 

C MDJi^*^@^^iit-iS^ L T it £ fT ■? • CCD 1 0 9 © C M D if 
fg¥©IS/£lfi (HJtfc) «u ROMHOi^ {kM $ ft £ It & D . M 

c c vmmffl'M^mu 2 mm^m. nu^itROMno* 

e>m^^tlfcCCD10 9®CMDtifi$ 

^e— Ki$©cMDi§te* o^«) i^ttjtBr a^;i/^*samtbs cc 

D 1 0 9 (i^ailiP^) CHIBLTCCD10 9l:tt» 
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^M34a (R 2 K 134c (B2) fc* #H560>JT' &it# t ^ X 

^ a ox- mm $ tifc v^o 
e>ia®^{3 «t t) a*-** ?> tit g mrnft (#i;ti£. nadku ^^t:>^ 

KjgH^Att-f&a^ 1 l OtiS^(i*'y h^^i, CCD 

1 0 9 iZl±& mm?£&\mT 2> o CCD 1 0 9 T*itl£ L g 
fct. M-^^Q.^^© 1 HtAA^nSo fg-^&L3I^|S! 1 14li, -7 4 JU 
*134b (G2) tzftj&T Zm^&mmZti. €^^1051:1^^ 

AGCIHJS1 4 5(i^ CCD109 © m Jl m ^ £ Wtfefe & £ «fc -5 £ 
SmetJtT > r^rff olt), &3f#:#l®<. CCD 1 0 9CTCM 

D*tfg£f?^T&ccD i o 9 mtim^&mfemjit) <b>b$^m&iz 
its t^wt7>7$f!^, &jjm^(D&m. zmmz -e-s ( a g c^it6) 0 

' tit J; D> t-^ 1 0 5 tli, mtcMtD^B^ ^ cD^^^m^iB^* 
f§£ £ #T- 1 £ o Sis ^- * 1 0 5 ©BJ £ £ (±IB*^ie) {i N MX 

itm^mmgiw i o 4p«3©$«je3ii^igi 2 1 k^-^-h^cda^^is 

- - CCD10 9©CMDi§fg^£*# < Lfc®£- (CMDtifg 

^3, 1 oigiiis) tc x ^-^ 1 0 5 izm.7jk$ nzmmmm. (^mm 
Mx\±&mM9tmm) <d s / n RvnM& $ iz-D\,^xmw-t %> (in 2 2 ia N 
2 3 

z<Dum.<Dmnxffi&x t^^^s^t^feK), ^cgfDtcj:^^ 
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fg^fit&u) 1 o 5 ci^$n§iiit© s/ns 

TfWZ£l±^ CCD 1 0 9®CMD«§*H& (ifSftb) J3&:te*B^ 

*t<**i*i <«nb»x lUf) t*^-*e**«H»-r* 4:. zatrn 

it^nso zcD&^mft&mte. #«ic«3g (t&2 2hk 2 3 

mx'itmtii ciux] x t> 'bz^mmtmrn) -ea&tK -is©ccd 

SSS-C* So !& 2 2 EU 23EUtK CCD1O90 
CMD0ti^^* s ^# < ^?>{:^^> S /NXtffcH^fctt— ASft^ C C 

C C D 1 0 9 IS & ft 14 CM UTs CCD109«i (*§Hl@) i3 

2**$/*^ AZftUm 101 (CCD109 + CCD^r-^H20 
+ 7Dt^l03 (M^ffllJI^S 1 14)) H, 7Dt-ytl0 3 

(itiifgi i 4) ©m^m(-*5tt SM^^f^ -f Xit S/N&t5ffi 

S/N=S/ {NCCD 2 + NCV 2 } 1/2 (1) 

= {A • n • K ■ (■ 1 - iff ) • G } / { ( A 2 • F 2 • ( n + D ) + R 2 ) 
• K 2 • ( 1 - /3 ) 2 • G 2 + N CV 2 } 1/2 (1-2) 
= {n-K-(l-/?)'G}/{(F 2 -(n + D) + R 2 /A 2 } 
• K 2 • ( 1 • /?) 2 • G 2 + N CV 2 /A 2 } 1/2 (1-3) 
S = A • n ■ K ■ ( 1 - 0) • G [mV] ( 2 ) 



WO 00/69324 




PCT/JPOO/03132 



s : m^ttitim (@ yu -t * v 1 o 3 m^is) 

N CCD : CCD109t^4bfe^XI (@ 7n -t y V 1 0 3 tB 

N CV : CCD>r-7;H20+7Dt^l03t*4Lf:; 
^Xl (@7D-b^l0 3ltl^g) 
[Mv * — * ] 
1 ) C CDill 

•n [ e / p i x e 1 ] : B*SC4«t 5l§*«f» ( C M D if 

(n = Mx (4. lxlO 9 ) x/z 2 xt?xRAxT [ e / p i 
xel/flame]) 

(M [lux]:«iBflBJKx jul : mMV 4 X, v : m^Sbm. 

ra:psp^. t : mytmrn) 

• A [fg] : C MDiifg3£ 

• D [e/p ixe 1/s] : 

•RCeRMS] li^ttH^-fX (^tiJ7>7/''fX) 

•K CmV/e] : #tmT>^S£rS£E^i&^& 

• A [fg] :CMD (Charge Multip 
lying Detector) iHfg^ 

• F 2 : CMD Excess Noise 
Factor 

2) CCDtm 

•/? [xl00%]:CCD^r-7iH2 Oifig$ 

• G [fg] : -fc ytfy>r > ( G = T P -fe y ^tB^<g/7*D 
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02 2CQS/N (IK *A ) ttS/N=20xlog {5$ (1-2)} (^ 

(»*) 

JNf^^^e-h- (n&ytmm) *ff-5»^tt> ai*t?M^ccD 

©CMDitfiStFAG C«tBfc:«J: b— JKfcJfcC C D "C t±JHfe*C t 

mu%L'^fcm.&mL&-%mttzz><> &tz, ^ commit, s/Ns^aiAt 

C jo 3 ^ *L ^ *l £ £ (t 6 C D 1 0 96DCMDiifg*<D<iI©fl!it:^ f*l ^ 

^©a^s - ^ i o 5©b^s^ ( 7* d -fe y -9- 1 o 3©m^j^i) $g 

CCD 1 0 9 OCMDi|S*0HiS^"7 ^^rCiiEr- 

2 ogd c c d u£ 2 c c Die lx, mi 

CD C CD^lf It - K (a«l«JK) #ffl> i 2 ©C CD^^^^f 

i«twtc c d 1 0 9 turn? * iicasAt-KifficcD 

liCCDl 09Jfe}i-^«J*CCDtifflLT*S^ 
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^-KtOffgl 3 5I±, y-F 1 0 3 £ §8: £: # , ft&m 1 0 

2 tiSttT & Jlt^o 

7D-b-y1f 1 0 3 ttM^S^S 1 0 4 ^SM^^M^g 12 2 # — 
^hfeoTV^tfs jt^S^S 1 0 4 £3fJg&3fe$i&ft 1 2 2 ii i*: 

z<Dnmmi±, m%ftmm<Dm&iz&&mmyt + ag c £*tvk *fm 

#^<Dt§^£y: C M D O^ii +AG C (^Dt^Ga 

in UP) +SI^P^S^> 7 *> £"5 t3 Lfcfc<£>T'fc3o 
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@|7>f;^12 9Alis !B2 40fcgsti^tx 2 fiHt j§ £ & T 
33 »K rt«l»^i:^ii5^i:C2«#©7-f;i/^-by M 3 3^ 134 
A tfiWt T & S o F*3 ffl'J © % 1 7 ;i/ ^ -fe y h 1 3 3 J± . ^S&fi&J 7 ^ |5I 
JUtcS^*^- K (ii^^H^) Of:fe©133a, 133 b. 133 
c © 3 ^ T'^^i* *lT ^ S «, W-m&fr<Dm 2 <D7 J * V 

M3 4Aa^^* : E- K (4$ 3* #8*0 <Dtctsb(D 13 4 a A t 1 3 4 
c CD 2&<D7 4 *U ^tL-€-n«« BWtUt&Cfc»3teaaB* 

7^j^i34a a t: s mmyt&m&m y 

-CV>&1> (»3t$ftT^5). * fc x @|7 ^J^ 1 2 9 A0| 2 7 ^ 
^^t?»H 3 4Atts 2 4 El £ ^ T <fc ? t 3 o CD^^ R 2 . G 2 . 
B 2 t (M^-t) & tLT 7^;i/^134aA{±, R 2 

^r^J^hs G2©SI^^Oii^^^ *ft,-7^^134ctt 



WO 00/69324 




PCT/JPOO/03132 



X U*>J£ftT l>5o £ fc. 1 34aASVl 3 3 cJ^ttJ&ft 

g&fcfcoT* CCD 1 0 9 m^tmm (Wtfrlti L mm) fc&oTt^So 
ftim^ft 1 2 ^Er — h*t?J#^mi 3 5©Ji^{cS^tx SiR^tlT 

Ifgl 1 1 $$J^t5 <t -5 tfeot ^lio 

fg 2 5 CCD®l&©#3*ft^-Ki$K:ibM*£*^>y^*- 
h£^Ls @i7^^ 1 2 9 A©i2©7>f h ( ^ {PJJ ) £ 

tt-ra^ftKBF^/j&ftJtHP^ (l^ffiblf^) ^ £ & § C C 

D 1 0 9 izft T £ m&Wffl^ft^ «i CMD, Ilfei^/WM^ I AG, 
Tk^feii^^l/X <zi S RSt>* C C D tH^f8-^©M^*^1-o £ s Sis? 
4 )l# (DMttR 2 , G2. B3li, ±llfcHI^7^;^ 1 2 9 A03 
o©i^R2, G2, B 2t:^n?*lM>t5o ^^iiJi^Jl/X0CM 
Dx itfe^/^^(4 I AG, 7k¥S^^WM(i SRJi, GatetfO 

#® 1 1 2SU f CCDIlffil^©l 1 1 £ tB7j£*l, CCD 1 0 9 £ 

o£ OHJf&^l Gat eliHie?^ 1 2 9 A©I&f£#G 2 

RVB 2!%CDfrlzON£te t> , X # tH ;b £ ft C C D 1 0 9 £B 

ZtiZo-H. m$*7 J 1 2 9 A<Di&fE#R 2 
Gat efcfcOFF©fc«K CCD 1 0 9 & *im^l±m b titlt^ £ 5 iztz 

oti^o ijot, m?tmm&. r 2 mm t g 2 (Dmytmrnz-stnttz 
2 ©j&ftais-c- c c d 1 0 9 r-^c^ffi titzm^&mmib^ m 1 e 3at 

16 3 b(Dm&J> ^ V izm — m^&&tl$ ti, B2®l)feg|St'CCD 1 

0 9 xMfr\&ztitimm& } mmb^®L 1 6 3 c(Dm&*"EV tz&±i$ti 

a o ffi> mnytt — K BSfct. Gate «±W £ ON£&oT:fc*K 1 © 
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k. lU ffl. T* & o 

#^2:7-f;b*-fey h 1 3 4 A5I53i:l:«tt3> Jfe0"J t* ii 7 j )V 
* 1 3 4 a. A&mr>tzB&ft<Dfr&&te&Mtm&&}lzmM£tl2>o 7 

<< jit? i 3 4 c te^mmmT'izmmg wz^o 7 ^ 1 3 4 aA&m 
mm^i±mmm 7CMit«ua3fiT$5o ccDio9tit 12 

7anvh7UM34 a A fr £ <* *t 

t^51li:CCD 1 0 9 t^^S^Ii^? tLfcM-^«fif £^ g 2 ©a& 

1 1 4 tzA^£ fr<5o MflLH^S 1 1 4 T-{i> G 2 fi^ffic? 

nfeM-^^^a^ tis ^e-^ 1 0 5 iz&m?tm%mn&&^£ tia 0 
1 0 5 izmfr^n^mmmm (xmnm-c 

ffltTZo CCD10 9 ©CMDJifif 5: 3s 1 0§J:t5o ? 

nzfitmmmt s/NRvmjjm<Dm&*m 2 6 &t>*ia 2 

7 £ ^ -r 

C CD 1 0 9 CD C MDii<£^£-££ ItS^FIl* £ fr -5 

d^fc.fc'K S/N£Vffi;bffi#l*]±-f £ C £##fr£o ^ CM 
Ditfg^£*#<L, fro, S^^i*t«k^ MicS/NS^m^^ 

frin]±-rs h##*>&o 
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£fBfcft^e-K (&ftftWt&) £*T5J§^tcfcJ^ ®^*:S¥*$CCD 

GDCMDigfg. mytmm&m&Rv ag c&miz& & x -j&isfcccD 
romi 7 o^^m^^nstt^fix it^/t^^^t- kb^ic&i* 

Stn^hC^ltSCD 1 0 9 <D C M D iifS^O^OffetC. \HUWL<DM 
1 0 5 © BJ3 £ £ ft *S (7*Dt^l 0 3 ©ffi^I) ^CCD 

0 3t:feiSlt^^Oo 

F*3#!§l5fc$iBt3 2o©C CD &IE1S U^2 CCDStUTs il©CC 
D§lg*f-F «JB. I20CCD £45*3^ — K 

ffflt ux^^^o ^ m 2 (D c c d it^mmmx^ 

fCCD109 £ J&ffl-T 3 ^1©M*€ - CCDIiCCD 

1 0 9$f;li-^9!)&CCD Lt tiS^ 

*H5l6^JT{i> 4 to* 1 [Hi ^ <^ F*3 . CCDi?B^aiL$2(H]fTo 

T ^ & # > G a t e £ R 2 > G 2 s B2©4 1 T-llE]^:lt^L-C*)MV>o 

HI & ? ^ ;i/ * 1 2 9 AO^gfcft^- K t^r^S Lfc:7-r;i/*£2*fci:Lfc 

2^ 2 *fc£Kj£T £ Z £ & < i #T * 
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^ jb7 ^J>, NPe6s ALA, m-THPC, A T X - S 1 (K B 
PD-MA. ZnPC, SnET2«) iHl^PDD 

^<DM*r#GDJ«^£fToT *)Jt^o ft* >f l l 0 itm 

tttn < x * 1^. 

^— pija#^e i 3 5 rDt^i.03caitfctf^ f*j&^io 

2 tz IS I* T t» ^ ^ o 

7o^yitl03 iiM-^MS^S 1 0 4 i:!BJE&3te«i^fi 1 2 2 # — 
^^^^v^, i^ffilSi 1 0 4 1 2 2&S"J<fc 

(^SIS^J 9 ) 
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mm,m i t*i*i;1<**it i^cagc hiss hs < «di 23 s «>) urn 

mft^WL 14 2 fcfc. liS^CCCDl 09 itJ^(s-^cD¥*S^*^m 

u ^j^i^is i 2 u^ltccd mmmm^m i i 2 iz&ti-r % 0 c 
c d m&.®i'M3 L & 1 1 2 ccd 1 0 9 (D&jjm-^&mfeztitzmiz 
& 3 c MDJifg^^ffi^-r s ^^^is^st^^n. ccd 1 09©i)t 
asp^ (rnfrtti vmm) tpssbtccD 1 0 9 izmnz titcm®^** 

siR-r So mmditftu^m 1 2 2 a** £ M^^nfc^E — h l 

T mte 7 -f «J#g|#t 1 3 lt:J;»3lHl4E7>f;i/^ 1 2 9 #»fls l^t 
— K 2* *S L JIB W *t # 111 *E 7 -f ;W * 1 2 9S^lT7-f h # >f K 1 1 

3fe«§SH 1 2 2 A{:liS^)ttl*ll$i^T^^^c^^fe«)^ 10 2Jfe« 

Jtt-^ttffililiett^Oi^&^S^SCCD 1 0 9 tit L fc 

^^li-^ttM-^Ma^s 1 1 4 AtA*^ti5o -fi^^as^m 1 1 4 a 
r-(ix c cd 1 0 9 <D&±>m^&mm£ ^-p 1 0 5 tug® 

& 3bj3£ $ tz&wte (£.<&mm) * c c d 1 0 9 -eaiftts £x 

CCD 1 0 9©CMDlfg$tJSl:t S/N (02 2) # ffi ±f ffi (0 
2 3) tfimbti&o mK¥&l 4 2tlM^OCCD 1 0 9{B*if 



WO 00/69324 




PCT/JPOO/03132 



jttlaS^bfe^-^ 1 0 5©IU3S£fcfc*CCD 1 G 9© C MD Jt*g^ 

fcffl^-rs^^^tt^tf-if^nx c c Dis&f&jas^s 1 1 2 a* £ c c d 

10 9lcm;b£:H3o-o3;»^ 7Dti/tl03 A © ffi ffi £ 
t) 'J* £ t§ -o & C CD 1 0 9 © C MD«i<g*i±^: § < & *) . ro-fey 
t>- 1 0 3 A(Dttijjm&mfcm <fc afc^S^JS^ttCCD 1 0 9©CMD 
< * 5 £ gt&f&JfllSftSo ^©fc#>> JL-if-{i N g 

it{g^#*# < & § 00 £ 2 2*?) % S C MD Jifg 

ft N T-VkvV- 1 0 3 AW*S*?»©aiAlf SCCD 1 0 9®CM 
D 1 0 9*?,©ffi*if ^l^W^iit^iJ: t: Jt^T >> -f X©f£W 

(ss/n) &ufataj3&wa $©s*Hift*^4 

-SttSfcfttCCD 1 0 9 © C MDJtfg¥£^fb£-efc #n ii^ft 
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mnm9x&, am^-K tftftit^-v 
mm) tts p Di^i^fP^fe o fco 
cmtc*r bn^j loftt, ^i^f-mit mntftt- vm**) 

( ^J^.) 

^JS0iJ 9 i: ft a Tf & £ £ M b T & % ffi £ ^ b& r S o 

z<Dmmm 1 9 c^^t^itefci 9 017^^129 

7>7i27 frzmm£ntc®&ft(*mMM-?temft~m&ytMm 

mm (mitmrs) 9©^3{gTS5o 7 >r 1 34cii* 

m^mx- itmm $ titz^ o c cd 1 0 9 tu mmxifi&it&mizmm a 
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mu>m^& 1 1 4A£A;b£*i3o m^mm^mi i 4 ai±> ifii 
tttzgti, - * i o 5 iz^m^tmmm^^mifs^ nz> <, 

i;t\ CCD 1 09©S^P^S^St>*CMDti^^^^#< L fci§ 
1 0 5 tm^S ft2>Wimm& (*HJtS^JT'(i S^M^li^) 

hm^j i o sepsis t ' *nmm 9 ©SftBtP^ T (Dm 3^<dm 

ytmmbtZo ££n CCD 1 0 9©CMDi|fg$§3^, lOfetT 

RTfm 2 7 it^t, 

&£BJ§&££}$ofc&3i:#: {^.fomffi.) 5CCD 1 0 9trm^^fP^^: 
m&LTm&-r %> CCD 1 0 9©CMDlg$C^Dtx S/N (0 
2 6) RXfiHijm (E12 7) #f#£>*l£o (5JD C M D li^^T Jt^l" S 
^ SftBSP^Mft UfeT^* 5 . HJfe#J 9 Jrb^T S y N JSlU liiJj mifi^i 
£^C£##a»3o $Jft^l£ 1 4 2t lll^CCCD 1 0 9 £B:*7M^ 

©¥*9ffi*s^m^tL, un^m i 2 u^itc c Dmmmm^m 1 1 
2 tcm^^ c cDmmmm^m 1 1 2 T'&m^M-^a^-if-tfffi 

itfcli&Jfe bfc — SOS|5^fJ:^5CCD 1 0 9 <D C MD mfemizffi mT 
Z^JlXfkifistnZtl. CCD J&Jg#J^f£ 1 12*f,CCD109t 
m;b£*l£o o i; *K 7Dt«yt 1 0 3 A <D tfcV ^7 &W>%.M <£ *) & >b £ 
^M&\Z CCD 1 0 9 0 C M D If {g2$M±* # < ft 7Dt 1 0 3 

A<Dmtim&m%.m& out^i^ttccD 1 o 9 © c m i>m&m& 

*fcs #fc*^##«S#©«^fci\ Suffix CCD 1 0 90CMD 
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-Jtfc-r S fc«>.fc C CD 1 0 9 CD CMDfif£^£ftJ$P iim^ 

3&*s ±x& vtc&nM(Dmmm*&fr$)mx-mfr&tD : & lt hies 
£ ti z mm<DBmm & m iz js -r * 0 

J2*±f»SJlLfc<fc$ otitis p^m^©ffiMtz«t fc-rjfilE&SIl 
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^p^c^-r sat 3c ©16 a 2 tzgB4B<z>rt%&gS8e 
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